INTRODUCTION
Onion (Allium cepa L.) is one of the most important vegetable crops in Sub-Saharan Africa. Onion is valued as a spice because of its flavour, high nutritional value, medicinal properties and antioxidant additive for food (Dini et al., 2008) . In 2011 the dry-land area cultivated with onion reached 51,474.00 hectares in Egypt, rising from 3,761,000 hectares, and producing 1,903,000.00 metric tonnes (FAO, 2013) . Thus, onion is considered an important cash and export crop in Egypt. Allium white rot (AWR) is one of the most serious diseases of onion and other Allium spp.
Like many other crops, onion is susceptible to several plant pathogens including soil-born fungi; such as molds, fungi, bacteria and nematodes (Davis et al. 2007; Francisco et al., 2011) . The causal agent of the disease is Sclerotium cepivorum, which is a fungal pathogen and usually produces sclerotia in the soil (Ulacio-Osorio et al., 2006) . The sclerotia remain in the soil in the absence of host plants, for more than 20 years. They begin to germinate only in the presence of Allium-specific root exudates, thus making the disease highly specific to Allium species. The sclerotia penetrate their host plant causing AWR disease (Maude, 2006; Davis et al., 2007) .
Germination of sclerotia is stimulated by volatile thiols and sulphides, which are released by microorganisms metabolising alk(en)yl cysteine sulphoxides, secreted from the roots of Allium spp. (Davis et al., 2007) . The disease has been found in most of the regions where onions are cultivated (Stewart and McLean, 2007) , and to date no system of control has been shown to fully prevent the occurrence of the disease in Egypt.
Sclerotium cepivorum damages Allium tissue during infection, by degrading plant cell walls ahead of hyphal elongation, through the secretion of a fungal toxin, oxalic acid (OA) (Maude, 2006) . OA plays a central role in white rot pathogenicity (Maude, 2006) . Some researchers suggest that oxalic acid produced by pathogens such as S. sclerotiorum, deregulates guard cells (Guimaraes and Stotz, 2004) , either makes surface penetration easier, and allows the pathogen to more easily leave an infected leaf to produce sclerotia and propagate further infection. This stomatal deregulation may also be the cause of the characteristic of leaves infected with the generalist pathogen S. sclerotiorum.
The role of oxalate as an essential virulence factor for S. sclerotiorum was demonstrated by the observation that mutants deficient in oxalate biosynthesis are less pathogenic than wild type fungus (Godoy et al., 1990) . Oxalate-deficient S. sclerotiorum, which are an important source of inoculum in the field and in in vitro cultivation is unable to produce oxalate during the infection of petals (Rejanel and Stotz, 2004; Chamandoosti, 2009) .
Control of AWR has proved difficult because of the persistence of the sclerotia. Various chemical, biological, and physical measures have been examined for the control of the disease, including fungicides (Zewide et al., 2007a) , soil amendments (Brewster, 2008) , soil solarisation (Melero-Vara et al., 2000) , composts (Smolinska, 2000; Coventry et al., 2005) and biological control agents (Clarkson et al., 2002; Coventry et al., 2006; Zhang et al., 2013; Elsherbiny et al., 2015; Mahdizadehnaraghi et al., 2015) . In addition, a number of studies have attempted to mimic the natural phenomenon of sclerotia germination with chemicals (Davis et al., 2007) . While these methods have shown promise, problems still remain, including enhanced degradation of fungicides in the soil (Pung et al., 2007) and inconsistent control (Melero-Vara et al., 2000) .
Plant improvement through somaclonal variation and in vitro selection are some of the best techniques for obtaining plant genotypes tolerant to biotic or abiotic stresses, such as drought, high salinity, acid soil and plant disease tolerance. Utilising somaclonal variation and in vitro selection techniques for obtaining potentially disease-resistance plants, has been demonstrated in a number of economically important crop plants (Jayasankar and Gray, 2003) . Since the late 1970s, the process of in vitro selection has been applied to several cell culture systems, to generate mutants with useful agronomic traits, such as disease resistance (Jayasankar and Gray, 2003) . In vitro selection was considered as a supplementary tool to the classical selection in breeding disease resistant cultivars, because of several advantages, such as faster testing of large numbers of individuals in a small space, easier manipulation of mutants, and the production of somaclones and haploids with higher genome variability (Ahmed et al., 1996) .
The objective of this study was to establish a suitable tissue culture protocol for plant regeneration and in vitro selection of resistance to Allium white rot (Sclerotium cepivorum) in commercial Egyptian onion varieties.
MATERIALS AND METHODS
Plant material. Seeds of three local commercial onion (Allium cepa L.) cultivars, Giza 20, Giza 6, Beheri Red, were kindly provided by the Seds Agriculture Research Station, Agriculture Research Center (ARC), Ministry of Agriculture, Seds, Egypt. These cultivars are sensitive to Allium white rot (Sclerotium cepivorum) disease in onions (Davis et al. 2007) . Plant regeneration was achieved using the following protocol: Seeds were surface sterilised in a 0.15% HgCl2 solution (w/v) for 2 min. It was followed by soaking for 2 min in 70% ethanol, then 15 min in 20% solution of commercial bleach (Clorox®) containing 5.25% sodium hypochlorite, and subsequently rinsed 4 times with sterile water. The sterile seeds were cultured in germination 1/2 MS medium (half strength of Murashige and Skoog (1962) salts), without plant growth regulators (PGRs) and supplemented with 0.8% (w/v) agar and 1.5% (w/ v) sucrose. The pH of the medium was adjusted to 5.8 and autoclaved at 121 °C for 20 min. After two weeks, cotyledons of seedlings (4-6 mm) were removed for use as explants.
Calli induction. Explants were cultured on calli induction sterile MS medium, supplemented with 2 mg l -1 benzylaminopurine (BAP), 1 mg l -1 2,4-dichlorophenoxyacetic acid (2,4-D), 0.5 mg l -1 kinetin (Kin), 30 g l -1 sucrose and 8 g agar/liter at pH 5.8. Three explant pieces were cultured in each vial (250 ml baby food jars). The explants were incubated in vials at 25±2 °C, in the dark for 45 days.
In vitro selection of OA resistant plants
Effect of OA on onion seed germination. Seeds of the three cultivars were imbibed in distilled water containing various concentrations of OA, C 2 H 2 O 4 (0.0, 0.02, 0.2, 2 and 20 mM). Fifteen seeds for replication and three replicates for each concentration from each genotype, were germinated in Petri-dishes and cultured at 27 °C with a 16 hr light per 8 hr dark cycle. The percentage of germination was scored after 15 days.
Effect of OA on onion explants. Cotyledons from the three onion cultivars were cultured on toxic media, MS BDK medium, supplemented with varying concentrations of OA of 0, 3, 6 and 12 mM. MS BDK is MS containing 2 mg l -1 BAP, 1 mg l -1 2,4-D, 0.5 mg l -1 Kin, 30 g l -1 sucrose, 8 g l -1 agar at pH 5.8. Explants were incubated at 25±2 °C in the dark for 45-day. The number of formed calli were scored 4-6 weeks after the initiation of the experiment, and presented as percentage of calli induction. Induced calli were transferred onto a regeneration medium, and after 6 weeks, the percentage of regenerated plantlets per calli was recorded.
Effect of OA on onion calli LD 80 of OA as toxic. To determine a suitable selection protocol, Giza 20, which showed the highest tolerance compared to Giza 6 and Beheri Red was adopted for this segment of the study. Giza 20 calli were divided into small pieces (20-30 mg) and placed on different concentrations of toxic medium (MS BDK medium supplement with 0, 3 ,6 and 12 mM OA). Four pieces of calli, cultured on each petri-dish (Ø 5 cm), served as a single replicate. Five replicates were established for each treatment. The calli were incubated at 25-27 °C in the dark for 4 weeks. Fresh weight and relative growth rates of calli growing on each of the four levels of phytotoxin, were determined at 4 weeks. LD 80 was established for reference to approximately 80% retarded growth of calli.
In vitro selection procedures. For the initial selection of white-rot tolerant plants, small pieces (2 mm) of six week-old embryonic calli from the three cultivars (Giza 20, Giza 6 and Beheri Red) were subjected to MS BDK culture toxic medium (MS containing 2 mg l -1 BAP, 1 mg l -1 2, 4-D, 0.5 mg l -1 Kin, 30g l -1 sucrose, 8g l l -1 agar), supplemented with 3 mM OA (this concentration of OA was selected for in vitro selection) (Fig.  1B) . For selection of white rot tolerance, six weekold calli, derived from the three onion cultivars, were used. Small pieces (approx. 20-30 mg) of embryogenic calli were exposed to MS BDK culture toxic medium, supplemented with 3 mM oxalic acid (this concentration was chosen based on our above experiment result).
After 45 days on selective medium, putative tolerant/resistant calli were transferred to regeneration medium (non-toxic MS medium containing 0.2 mg l -1 NAA, 2 mg l -1 BAP, 60 g l -1
sucrose and 8g l -1 agar). The calli were incubated at 25-27°C under fluorescent light 1000 lux, (16 hr day -1 ) for 5-6 weeks. The pH of all media used in this study (which contain OA) were adjusted to 5.8, after adding the OA before autoclaving at 121°C for 20 min. The percentages of regenerated shoots or plantlets were calculated per calli after 6 weeks of culture. Regenerated plants from survivor calli were transplanted in plastic pots (Ø 5 cm) filed with peat moss-soil mixture (1:1, v/v) and adapted under greenhouse conditions. Statistical analysis. Data were statistically analysed using a randomised complete block design (RCBD) in a factorial arrangement according to Sndecor and Cochran (1990) . Specifically, the Statistical Package for the Social Sciences (SPSS) V.10 (1999) was used for analysis. For mean separation, the Least Significant Differences at P<0.05 was used.
RESULTS
Effect of OA on onion seed germination. There were strong genotypic and treatment differences with respect to germination mean and percentage of onion seeds of three Egyptian onion cultivars (Table 1) . Among the tested cultivars, Beheri Red exhibited the highest germination frequency (52%) at all tested concentration, followed by Giza 20, and Giza 6.
Explant growth and callus initiation. There were significant differences between callus initiation rates for each of the different concentrations of OA; but no genotypic differences were observed for the three Egyptian onion commercial cultivars (Table 2) . Calli production decreased with increasing OA concentration. Explants cultured on MS BDK toxic free medium produced an overall average of 70.7% calli produced for all tested onion cultivars.
However, only 42.1% of explants grown on MS BDK toxic medium with 3 mM OA produced calli compared to 29.4% for explants grown on 6 mM OA toxic medium (29.4%). Callus initiation was completely inhibited by the highest OA concentration (12 mM) (Fig. 1A) . At 3 mM OA, 51.6% of the cotyledons of Giza 20 produced calli as the highest percentage, followed by Beheri Red (42.2%), and Giza 6 (33.3%) calli (Fig. 1B) .
The effect of OA on the regeneration rate of the three onion cultivars "Giza 20, Giza 6 and Beheri Red" are shown in Table 3 and Figure 1C (Table 3 ). The presence of 3 mM OA in the medium decreased the mean number of shoots/calli from 5.2 to 2.1. Significant differences in the ability to generate shoots/calli were observed in genotypes Giza 20 and Beheri red, but not for Giza 6. The highest concentration completely inhibited the regeneration process (Fig. 1D) .
Toxicity of OA on onion calli.
LD 80 of S. cepivorum toxic OA. Fresh weight and relative growth rates of calli growing on the four different levels of phytotoxic were evaluated for Giza 20 cultivar (Table 4 ). There was a wide range of growth rates (fresh weight) for onion calli grown on toxic media, with different concentration of oxalic acid. Giza 20 calli growth on OA-free medium (control) increased 5.08 times from the starting materials (control); while calli grown on toxic medium supplemented with 3 mM OA increased only 1.05 times (Table 4) . Lower growth was recorded for toxic medium with 6 mM and 12 mM (68.34 and 44.42%, respectively), representing 13.45% and 8.74% with respect to controls.
In vitro selection procedures. Exposure of the calli to the toxic medium resulted in differing survival scores for each of the three cultivars (Table 5 ). The calli from Giza 6 had the highest survival percentage (Table 5 ). However, 100% of the Beheri Red calli regenerated in contrast with 70.7 and 26.6% for Giza 6 and Giza 20, respectively. Beheri Red also had the highest number of regenerated shoots per callus, compared to 1.25 for Giza 20 and 0.48 for Giza 6. Several shoots were rooted to develop healthy plantlets, which were transplanted to plastic pots and adapted under greenhouse condition where the intact plants were able to form bulbs (Fig.  1D) .
DISCUSSION
Onion exhibited a wide range of sensitivity within the tested cultivars, and for seed germination on different OA concentrations, and Beheri Red exhibit the most tolerance. A higher OA concentration (20 mM) completely inhibited germination of all onion cultivars. Our results are in agreement with Chamandoosti (2009) who found that 20 mM of OA had a lethal effect on canola and all the explants died, and that no callusing, rooting and shooting occurred. Callus induction was significantly affected by OA, and the extent of the response was OA concentration dependent (Table 2) . However, the callus induction response it was the same for each cultivar and was independent of OA concentration. Moreover, the maintenance of callus regeneration was strongly affected by the presence of OA in culture medium (Table 3) , which also decreased the mean number of shoots per callus. For example, the presence of 3 mM OA decreased the number of shoots per callus to 2.1 (Table 3) .
Results of our research demonstrated that at 6 mM of OA concentration all explants died and no callusing, rooting or shooting were observed. Kumar et al. (2008) described a system for efficient plant regeneration via organogenesis and somatic embryogenesis of safflower (Carthamus tinctorius L.) cv. NARI-6 in fungal culture filtrates (FCF)-treated cultures. FCF was prepared by culturing Alternaria carthami fungal mycelia in selection medium for host-specific toxin production. They produced nine plantlets from organogenesis, and 24 plantlets from somatic embryogenesis were selected as FCF-tolerant plants. Alternaria carthami fungal spores sprayed on the leaves of FCF-tolerant plants showed enhanced survival rate over control plants, which plants were more susceptible to fungal attack.
From our results, OA can be used for in vitro selection of onion plant resistant to OA. It is that medium supplemented with 3 mM OA retardes 80% of callus growth. Thus this OA concentration is suitable for in vitro selection in onion as demonstrated by our study.
Recent advances in molecular characterisation of stress-related responses and the emergence of sensitive molecular analytical tools, have reinvigorated work on in vitro selection. This technology is easy to use and not encumbered by intellectual property issue and social concerns that currently inhibiting development of transgenic crops. Thus, it is an attractive complement to existing crop improvement strategies (Jayasnkar and Gray, 2003) .
American chestnut wild type callus tissue and calli transformed with an oxalate oxidase gene were cultured on media containing various concentrations of oxalic acid. Thermogravimetric analysis (TGA) was employed to test the cellulose, hemicellulose and lignin content of the calli. In the presence of oxalic acid, wild type tissues demonstrated a significant decrease in lignin content and an increase in cellulose content, while transformed tissues did not. Transforming American chestnut with an oxalate oxidase gene may prove to be useful in preventing changes in the cell wall composition caused by the oxalate produced during C. parasitica infection and could possibly enhance resistance (Welcha et al., 2007) .
In vitro selection has been used not only in response to pathogen infection but also in many cases in response to abiotic stresses. Mercado et al. (2000) used of growth of apical stem sections and adventitious organogenesis to evaluate salinity tolerance in cultivated tomato (Lycopersicon esculentum L.) and resulted that this approach may not be a reliable tool to evaluate salt tolerance in tomato.
Oxalic acid produced by the fungal pathogen Sclerotinia sclerotiorum has a primary role in the pathogenicity of this white-rot disease in onion. Mutant strains of this fungus, deficient in oxalate productions are avirulent. Furthermore, . transgenic soybean (Glycine max L. Merr) expressing oxylate oxidase that catalyses the breakdown of oxalic acid, reduces the growth of the pathogen in indoor seedling studies. Cober et al., (2003) demonstrating that susceptibility of onion in in vitro conditions is likely to be similar to susceptibility for whole plants under in vivo conditions.
Oxalic acid has been used for in vitro selection studies in many important crops affected by Sclerotium fungi (Chamandoosti et al., 2006; Chamandoosti, 2007; Chamandoosti, 2009) . Chamandoosti (2009) reported that the addition of 0.20 mM OA was needed for in vitro canola selection media in order to produce canola plants resistant to Sclerotinia sclerotiomm. Chamandoosti (2009) reported that the mean diameter of calli and mean number of regenerated roots and shoots of hypocotyl explants of 7 days old canola seedling growing on 0.20 mM OA was higher than in OA-free medium. It is possible that in these experiments the gradual adaptation of hypocotyl explants in the toxic callusing culture medium and subsequent transfer of obtained calli to organogenesis medium generated tolerant or resistant whole plants.
By using in vitro selection protocol, we could select calli resistant to OA and from these calli the complete plants were regenerated. Healthy plants were transplanted and grown under greenhouse condition and many of them formed bulbs. These bulbs were subjected to field challenges caused by Allium white rot(Sclerotium cepivorum). However, utilising in vitro selection techniques for obtaining potentially diseaseresistance plants has been demonstrated in a number of economically important crop plants (Jayasankar and Gray, 2003; Savita et al., 2011; Zhang et al., 2012; Ravaei et al., 2015) . In conclusion, results of this research clearly demonstrate that the gradual incremental addition of oxalic acid concentration to onion calli media acts as a selection pressure for the production of tolerant onion lines and that 3 mM OA is the optimum concentration for the initiation (gradually adaptation) of the production protocol. This may indicate that Beheri Red seeds were more OA-tolerant than the other two Egyptian cultivars.
